Context. A number of theoretical models vie to explain the γ-ray emission from active galactic nuclei (AGN). This was a key discovery of EGRET. With its broader energy coverage, higher resolution, wider field of view and greater sensitivity, the Large Area Telescope (LAT) of the Fermi Gamma-ray Space Telescope is dramatically increasing our knowledge of AGN γ-ray emission. However, discriminating between competing theoretical models requires quasi-simultaneous observations across the electromagnetic spectrum. By resolving the powerful parsec-scale relativistic outflows in extragalactic jets and thereby allowing us to measure critical physical properties, Very Long Baseline Interferometry observations are crucial to understanding the physics of extragalactic γ-ray objects. Aims. We introduce the TANAMI program (Tracking Active Galactic Nuclei with Austral Milliarcsecond Interferometry) which is monitoring an initial sample of 43 extragalactic jets located south of −30 degrees declination at 8.4 GHz and 22 GHz since 2007. All aspects of the program are discussed. First epoch results at 8.4 GHz are presented along with physical parameters derived therefrom. Methods. These observations were made during 2007/2008 using the telescopes of the Australian Long Baseline Array in conjunction with Hartebeesthoek in South Africa. These data were correlated at the Swinburne University correlator. Results. We present first epoch images for 43 sources, some observed for the first time at milliarcsecond resolution. Parameters of these images as well as physical parameters derived from them are also presented and discussed. These and subsequent images from the TANAMI survey are available at http://pulsar.sternwarte.uni-erlangen.de/tanami/ Conclusions. We obtain reliable, high dynamic range images of the southern hemisphere AGN. All the quasars and BL Lac objects in the sample have a single-sided radio morphology. Galaxies are either double-sided, single-sided or irregular. About 28% of the TANAMI sample has been detected by LAT during its first three months of operations. Initial analysis suggests that when galaxies are excluded, sources detected by LAT have larger opening angles than those not detected by LAT. Brightness temperatures of LAT detections and non-detections seem to have similar distributions. The redshift distributions of the TANAMI sample and sub-samples are similar to those seen for the bright γ-ray AGN seen by LAT and EGRET but none of the sources with a redshift above 1.8 have been detected by LAT.
Introduction
Blazars are a radio-loud, violently variable, high-luminosity, high-polarization subset of Active Galactic Nuclei (AGN) that show luminosity variations across the electromagnetic spectrum. They typically exhibit apparent superluminal motion along the innermost parsecs of their radio jets. Their observed behaviour suggests they are very compact objects with parsec-scale jets oriented close to our line of sight. Despite decades of observations and modeling of the powerful relativistic jets of AGN, many fundamental questions about them remain unanswered. Jet composition, formation, and collimation are not well understood. Neither are the mechanisms responsible for their propagation, radiation, and interaction with their ambient medium.
The discovery by the EGRET detector onboard the Compton Gamma Ray Observatory (CGRO) that blazars can be bright γ-ray emitters (Hartman et al., 1992 ) was a major breakthrough in the study of AGN. Study of the γ-ray blazar population suggested that there is a close connection between γ-ray and radio emission, spectral changes, outbursts and the ejection of parsec-scale jet components (Dondi & Ghisellini, 1995) . Many, but not all, of the radio brightest blazars have been detected at γ-ray energies. On the other hand, a small number of extragalactic jets which do not belong to the blazar class have been shown to be bright γ-ray sources, as well (e.g., NGC 1275 and Cen A; Abdo et al., 2009b) . Currently there are a number of models attempting to explain the observed γ-ray emission of blazars and other extragalactic jets (see Böttcher, 2007 , for a review). Simultaneous broadband spectral energy distribution (SED) measurements across the electromagnetic spectrum are required to discriminate between such models.
Very Long Baseline Interferometry (VLBI) monitoring of blazars is a crucial component of this multiwavelength suite of observations as it provides the only direct measure of relativistic motion in AGN jets allowing us to calculate intrinsic jet parameters such as jet speed, Doppler factor, opening and inclination angles. They also provide the possibility of identifying the location and extent of emission regions. Thus VLBI observations constrain numerical jet simulations and provide tests of the relativistic-beam model (e.g., Cohen et al., 2007) that are not possible with any other observational technique.
The successful launch of the Fermi Gamma-ray Space Telescope, formerly known as GLAST (Gamma-ray Large Area Space Telescope; Gehrels & Michelson, 1999) , on June 11th, 2008 was a major milestone in the quest to understand the connection between the low-and high-energy sections of blazar SEDs. The Large Area Telescope (LAT; Atwood et al., 2009 ) instrument on Fermi has broader energy coverage (20 MeV -300 GeV), higher resolution, wider field of view (over 20% of the sky) and a sensitivity ∼30 times greater than EGRET. The combination of its wide field of view with a scanning pattern of observation means LAT observes the entire sky every ∼3 hours making LAT capable of monitoring the sky on timescales from hours to years. Its higher sensitivity at higher energies allows LAT to measure high energy cutoffs which elucidate acceleration mechanisms, radiation and magnetic fields at the source.
The Tracking Active Galactic Nuclei with Austral Milliarcsecond Interferometry (TANAMI) program is a parsec-scale radio monitoring program targeting extragalactic jets south of −30 degrees declination. It uses the telescopes of the Australian Long Baseline Array (LBA, e.g., Ojha et al., 2004b) , and other telescopes in South Africa, Antarctica and Chile to monitor an initial sample of 43 sources at approximately 2-month intervals. The observations are typically made at two frequencies, 8.4 GHz and 22 GHz, in order to calculate the spectral indices for the core as well as bright jet components. TANAMI began observations in November 2007 before the launch of Fermi so a proper observation cadence for the targets could be determined. To maximize the usage of TANAMI data, images of sources are made available at http://pulsar.sternwarte.uni-erlangen.de/tanami/ as soon as they are available. The current target list of TANAMI is maintained at http://pulsar.sternwarte.uni-erlangen.de/tanami/sample/ While the immediate driver for TANAMI was the imminent launch of the Fermi Gamma-ray Space Telescope, these dualfrequency observations of morphology, motion, and other temporal variations of the most poorly studied third of the AGN sky have a number of other applications. One particularly exciting prospect is the possibility of combining γ-ray and radio monitoring of parsec-scale jet kinematics (and production) with a sensitive neutrino telescope. The ANTARES neutrino telescope (see http://antares.in2p3.fr), which is now fully operational and the KM3NeT detector (which has a projected completion date of 2011, see http://www.km3net.org) are being designed to detect neutrino point sources 1 . Extragalactic jets are among the most promising candidates to be neutrino point sources (Waxman, 2007) . Combined TANAMI, Fermi and ANTARES data will be used to search for neutrino signals correlated with γ-ray flares and epochs of jet production. The results of this work will be the subject of future publications.
In this paper, we describe how we selected our initial source sample (Sect. 2) and explain our observation and data reduction procedures (Sect. 3). We then present the first epoch images of 43 target sources at 8.4 GHz in Sect. 4 followed by brief notes on individual sources (Sect. 5). This is followed by a discussion of our results (Sect. 6) and we end with our conclusions (Sect. 7). Throughout the paper we use the cosmology H 0 =73 km s −1 Mpc −1 , Ω m =0.27, Ω Λ =0.73 where the symbols have their traditional meanings.
Definition of the Sample
The TANAMI sample has been defined as a hybrid radio and γ-ray selected sample of AGN south of δ = −30
• . Its main components are i) a radio selected flux-density limited subsample and ii) a γ-ray selected subsample of known and candidate γ-ray sources based on results of CGRO/EGRET. The radio subsample includes all sources (within our declination range) from the catalogue of Stickel et al. (1994) above a limiting radio flux density of S 5 GHz > 2 Jy, which have a flat radio spectrum (α > −0.5, S ∼ ν +α ) between 2.7 GHz and 5 GHz. The 21 sources selected according to this radio fluxdensity criterion represent a Southern-hemisphere extension of the MOJAVE 1 sample (Lister et al., 2009a) , which is complete in the declination range 0
• > δ > −20
• down to the same flux-density limit at 15 GHz. The γ-ray selected subsample includes all known γ-ray blazars detected by EGRET south of δ = −30
• , both the high-confidence and low-confidence associations made by Hartman et al. (1999) , Tornikoski et al. (2002) , Sowards-Emmerd et al. (2004) and Bignall et al. (2008) . In addition, we have also included 4 known intra-day variable (IDV) sources (0405−385, 1144−379, 1257−326, and 1323−526) and 8 other sources, which either share the radio properties of EGRET-detected blazars at lower radio flux density or which represent prototypical examples of other AGN classes such as the bright and nearby radio galaxy Pictor A (0518−458) or the gigahertz peaked spectrum (GPS) source NGC 6328 (1718−649). In total, this sample contains 44 objects 2 . Many of the sources in this sample have been well studied with VLBI in the past (Tingay et al., 1996a; Shen et al., 1997 Shen et al., , 1998b Ojha et al., 2004a Ojha et al., , 2005 Scott et al., 2004; Horiuchi et al., 2004; Dodson et al., 2008 ) but for about 30 % only very limited information at typically much lower resolutions and image fidelity are available in the literature.
Most AGN with bright compact radio emission are strongly variable. This led the MOJAVE team to define their statistically complete radio-selected sample based on radio light curve observations of a large sample of sources over a ten-year time baseline and to include all sources that exceeded their flux-density limit at any epoch during this period. In contrast to this, the TANAMI sample is not statistically complete. However, based on experience from the transition of the original VLBA 2 cm Survey sample into the MOJAVE sample (Lister et al., 2009a) , we can consider the radio-selected subsample of TANAMI as being representative of a complete sample. In a similar sense, the Fermi LBAS (LAT bright AGN sample) list is not statistically complete (Abdo et al., 2009b) and neither is the subsample of LBAS-TANAMI sources. A few bright γ-ray sources have no or only low-confidence associations 3 and in addition, the presence of known EGRET sources, which are not in the LBAS 4 , indicates the effect of long-term variability being also important in the γ-ray regime. We are working on improving the completeness of the γ-ray selected TANAMI subsample in collaboration with the Fermi/LAT science team. In addition to the 44 sources of the initial TANAMI sample, we have begun observations of 19 additional Fermi sources in November 2008, which will be reported elsewhere. Most of these sources have not been observed with VLBI before. We plan to continue adding new Fermi-detected sources to the TANAMI list through 2009. The Veron-Veron 12th edition catalog (Veron-Cetty & Veron, 2006) was used to obtain optical classifications. The sample contains 24 quasars (optically unresolved broad-emission line objects), 6 BL Lac objects (optically unresolved sources with weak or absent emission lines), and 10 radio galaxies (optical galaxies, which are identified with radio sources). Three sources are unclassified.
After the beginning of Fermi science operations and the publication of the first list of bright γ-ray emitting AGN detected by Fermi/LAT between August and October 2008 (Abdo et al., 2009b) , our sample-selection criteria have proved to be highly efficient in picking up bright γ-ray emitters. Our original sample contains 10 of the 18 high-confidence associations of the LBAS sample within our declination range, one out of two lower con-2 The candidate EGRET γ-ray blazar 0527−359 was not observed due to scheduling problems.
3 Abdo et al. (2009a) list three sources below declination −30 degrees and at high galactic latitude |b| > 10 degrees, which have no association whatsoever and might be unknown AGNs: 0FGL J 0614.3−3330, 0FGL J 1311.9−3419, and 0FGL J 2241.7−5239. Two sources in this region do have only low-confidence associations with AGN (0FGL J 0407.6−3829 associated with PKS 0405−385 and 0FGL J 0412.9−5341 associated with PMN J 0413−5332). 4 Below declination −30 degrees, there are three 3EG sources (Hartman et al., 1999) , which are not part of the LBAS sample: 0454−463, 1424−418, and 1933−400 . nine other sources associated with lower confidence with EGRET sources by Tornikoski et al. (2002) and Sowards-Emmerd et al. (2004) have also not been seen as bright γ-ray sources by LAT during its first three months. fidence association and one additional bright γ-ray source association (1759−396) outside the galactic latitude range considered by Abdo et al. (2009a) . Four of these 12 sources have entered the TANAMI sample because they belong to both the radio flux-density limited sample and to the EGRET sample, two and four belong only to the radio or EGRET sample, respectively, and two belong to the IDV class. Details are given in Table 3 . Notably, one out of only two LBAS radio galaxies belongs to the TANAMI sample (Cen A), as well as two out of seven highfrequency peaked BL Lac objects, which are also detected in the TeV energy range (2005−489 and 2155−304) .
Observations and Data Reduction
TANAMI observations are made using the five telescopes of the Australian Long Baseline Array (LBA 5 ) along with other affiliated telescopes. Within Australia, TANAMI has periodic access to the 70 m and the 34 m telescopes at NASA's Deep Space Network (DSN) located at Tidbinbilla, near Canberra in the Australian Capital Territory (ACT). When available, these telescopes add crucial sensitivity to map details of the jet structure with higher fidelity, besides improving the (u, v)-coverage. Through September 2008, the highest resolution, intercontinental baselines were provided by the 26 m telescope in Hartbeesthoek, South Africa. However, this telescope experienced a major failure of a polar shaft bearing in October 2008 and is likely to remain unavailable for some time (Jonathan Quick, personal communication) . Fortunately, through a successful International VLBI Service (IVS) proposal we have obtained access to two telescopes, O'Higgins, Antarctica and TIGO (Transportable Integrated Geodetic Observatory), Chile. Both these telescopes are operated by the Bundesamt für Kartographie und Geodäsie (BKG), the federal agency responsible for cartography and geodesy in Germany. These two telescopes greatly improve our (u, v)-coverage and partially offset the loss of Hartebeesthoek. Details of all of these telescopes used in TANAMI observations are summarized in Table 1 . The telescopes participating in the observations reported in this paper are indicated in Table 2. TANAMI observations are made at two frequencies: 8.4 GHz (X-band) and at 22 GHz (K-band). Imaging observations at 8.4 GHz generally yield the best image fidelity and thus the most detailed structural information with this array as demonstrated, for example, by the U.S. Naval Observatory/ATNF, International Celestial Reference Frame (ICRF) imaging program (Ojha et al., 2004a (Ojha et al., , 2005 . This frequency is high enough to provide good resolution and low enough to avoid missing extended structure that typically has a steep spectrum. Atmospheric effects are also negligible at this frequency. Imaging observations at 22 GHz are challenging but feasible (Tingay et al., 2003b) . Not only do 22 GHz images show morphology closer to the cores of the AGN, in combination with the 8 GHz images, they yield spectral information on the core and bright jet components. These are a critical component of the broadband SEDs needed to understand the energetics of AGN. One 24-hour epoch at each frequency is observed approximately every two months. In this paper, we describe the 8.4 GHz observations. Table 2 summarizes the observations which are reported here.
For the array described above, the typical angular resolution (synthesized beam) achieved by TANAMI is 1.5-4 by 0.5-1.0 mas in size, with the highest resolution in the east-west direction. Each source was observed in about 6 scans of approximately 10 minutes each. The data were recorded on the LBADRs (Long Baseline Array Disk Recorders) and correlated on the DiFX software correlator (Deller et al., 2007) at Swinburne University in Melbourne, Victoria. From November 2008 on, the data is being correlated at Curtin University in Perth, Western Australia.
The correlated data were loaded into AIPS using the locally written task ATLOD which is needed to read the data in the format that the LBA generates. Thereafter, data inspection, initial editing and fringe fitting was done in the standard manner using the National Radio Astronomy Observatory's Astronomical Image Processing System (AIPS) software (Greisen, 1998) . Observations of known sources with ≥ 90% of their correlated flux in a compact core were used to improve overall amplitude calibration. For each antenna, a single amplitude gain correction factor was derived based on fitting a simple Gaussian source model to the visibility data of the respective compact source after applying only the initial calibration based on the measured system temperatures and gain curves. Based on the differences between the observed and model visibilities, gain correction factors were calculated and the resulting set of amplitude gain correction factors was then applied to the visibility data of the target sources. The accuracy of the absolute amplitude calibration is conservatively estimated to be 20%.
The imaging was performed applying standard methods using the program difmap (Shepherd, 1997) . Specifically, the data were averaged into 30 second bins and then imaged using the clean algorithm, giving the same weight to all visibility data points (natural weighting) and making use of phase selfcalibration. The best model that could be obtained in this initial cycle of the hybrid mapping process was used to self calibrate the visibility amplitudes by applying time-independent gain factors for each antenna in the array. The model was then cleared and the resulting improved data were imaged in additional hybrid-mapping cycles following the same strategy but using time-dependent gain factor functions with subsequently smaller time intervals (180, 60, 20, 5 , 2, 1 minutes). Before beginning a new cycle, the data were examined and edited if necessary. The images shown in Fig. 1 through Fig. 8 result from the final hybrid-mapping cycle using natural weighting and a 30 second solution interval. Some sources exhibit diffuse large-scale emission which could only be recovered by down-weighting the data on the longest baselines ((u, v)-tapering) . In Fig. 9 , Fig. 10 and Fig. 11 we show tapered images for 13 sources.
Results
Physical characteristics of the TANAMI sources, where available, are summarized in Table 3 . The table lists their IAU source designation followed by their alternate name (where appropriate) and their Right Ascension and Declination in J2000.0 coordinates. Their optical identification, V-magnitude and redshift are listed in successive columns. The last four columns indicate which sources belong to the radio and γ-ray selected subsamples and whether they were detected by EGRET and LAT, respectively, where the LAT-detection flag refers to the bright-source list of Abdo et al. (2009b) based on the first three months of Fermi observations. Figure 1 through Fig. 8 show contour plots of the 43 sources of the initial TANAMI sample. These images are made with natural weighting. A subset of the sources that have diffuse largescale emission are shown in Fig. 9 , Fig. 10 and Fig. 11 using   (u, v) Image parameters are listed in Table 4 . The first two columns list the IAU source name and the epoch of the image shown. The lowest contour level is at 3 times the root-mean-square noise and is listed in Col. (3). The peak flux density in each image and the total flux are given in Col. (4) and Col. (5). The major axis, minor axis, and position angle of the restoring beam are in Cols. (6)- (8). Column (9) and Col. (10) show the structural classification and the core brightness temperature respectively. Both of these were evaluated using criteria described in Sect. 6. The final two columns describe the core luminosity and total luminosity of each source. Table 5 summarizes the image parameters for the 13 sources for which we present tapered images. The first eight columns are identical to those of Table 4 . The last column indicates the baseline length in Mλ at which the visibility data were down weighted to 10%.
Adequate (u, v) -coverage is a key consideration for any VLBI survey. It is a particular concern when observing with the LBA since the LBA is an ad hoc array and the locations of its constituent telescopes are not ideal for producing uniform (u, v)-coverage. Representative plots of the (u, v)-coverage for four sources with declinations spanning the range of the TANAMI sample are shown in Fig. 12 . The shorter baselines at the center of each plot are those between telescopes within Australia. The long baselines at the periphery of each figure are those to the Hartebeesthoek telescope in South Africa. The absence of intermediate-length baselines between the shorter intraAustralian and the trans-oceanic baselines remains the most important limiting factor on image quality. However, as past imaging programs have found (e.g., Ojha et al., 2005) , this constraint does not preclude good images provided special care is taken in both the calibration and imaging process. Each epoch of observation included two sources which are mutually visible to the LBA and VLBA. Our LBA images of these two sources were checked for consistency with near-contemporaneous VLBA images and revealed no problems.
Notes on individual sources
In this section we describe the morphology of each source after a brief summary of its background and past observations where present.
0047−579
This source is a bright high-redshift (z = 1.8) quasar from the radio-selected subsample, which has not yet been seen by Fermi in its initial bright-source list (Abdo et al., 2009b) . The 8.4 GHz VLBI image by Ojha et al. (2005) shows a compact core with a second component located ∼20 mas to the west. Our TANAMI image (Fig. 1) at the same frequency is at higher resolution and shows a continuous well-collimated jet from the core toward the outer component seen by Ojha et al. (2005) , which is partially resolved by the TANAMI array. The tapered image (Fig. 9 ) reveals more extended emission along the jet position angle out to ∼40 mas from the core. 0208−512 This bright and highly polarized quasar (Impey & Tapia, 1988 ) was a known EGRET source (Hartman et al., 1999) with its γ-ray spectrum being one of the hardest detected AGN spectra in this energy range Chiang et al., 1995) . Right after the beginning of the Fermi mission, 0208−512 was detected as a flaring γ-ray source by the LAT (Tosti, 2008) and it is also a member of the 3-month LAT bright source list sample (Abdo et al., 2009b) . Shen et al. (1998a) find a lower limit for the Doppler factor of 10.2 using the ROSAT measurements (0.22 µJy at 1 keV) of Dondi & Ghisellini (1995) . From model fit parameters of the 1992 and 1993 data they obtained a proper motion of 0.6±0.7 mas/yr corresponding to a trans-verse velocity of 16.8 c (17±20 c) 6 . find no significant detection of component proper motion in this source. Shen et al. (1998b) and Ojha et al. (2004a) find a slight extension of the compact core to the southwest. In the X-ray regime Marshall et al. (2005) find a 4 arcsec jet to the southwest in addition to the core emission. Our image (Fig. 1) is consistent but more sensitive showing a continuous well-collimated twisting jet extending southwest to about 7 milliarcseconds with diffuse emission beyond that to over 20 milliarcseconds from the core. Given the high fidelity of this image further TANAMI epochs should allow us to pin down its expected superluminal motion.
0332−403
This BL Lac object has not been detected by EGRET but was detected with Fermi between August and October 2008 (Abdo et al., 2009b) . The source is very compact (Ojha et al., 2004a) with previous reports of weak and short extensions to the east (Shen et al., 1998b) , and to the west (Fomalont et al., 2000) , respectively. Our TANAMI image of this source has considerably lower resolution than most of our other images because no trans-oceanic baselines were available and does not resolve the source.
0405−385
This source is one of three unusually strong intraday variable (IDV) sources (Kedziora-Chudczer, 2006) 7 . It was not detected by EGRET but has been detected, with low confidence, by the LAT (Abdo et al., 2009b) . This is a very compact source but Zensus et al. (2002) find a component 1.5 mas to the west of the core. Similarly, Ojha et al. (2004a) present a component 4 mas west of their core. For the first-epoch TANAMI image of this source, the absence of trans-oceanic baselines has resulted in lower resolution, yielding a compact structure with an extension to the west.
0438−436
The VLBI image of this high-redshift quasar by Preston et al. (1989) shows two components, the core and an additional component 35 mas to the southeast. A map with better resolution by Shen et al. (1998b) resolves the component to the southeast of the core and reveals an additional component in between, separated from the core by about 7 mas. present a component which is located about 1 mas to the eastsoutheast of the core. Our image has less resolution because only Australian antennas participated in this observation, but it does pick up more extended emission than previous images, revealing an extremely large continuous jet out to more than 50 mas to the south-east.
0454−463
This flat spectrum radio source (Kuehr et al., 1981) is a highly polarized quasar. Impey & Tapia (1990) measured a polarization of 7.1% and Wills et al. (1992) even 27.1%. The source was detected with EGRET (Thompson et al., 1993a) but somewhat surprisingly (given that it is a very strong radio source with flux over 3.6 Jy at 8.4 GHz) it has not been detected by the LAT as a bright γ-ray source in the 3-month LAT data (Abdo et al., 2009b) . The VLBI image of 0454−463 by Ojha et al. (2004a) shows a compact core without additional components. Our image also shows a bright compact core with some very faint extended emission out to ∼25 mas to the east. 6 for H 0 = 100 and q 0 = 0.5 7 The other two strong IDV sources are PKS 1257−326 and J1819+385
The tapered image (Fig. 9 ) does show this eastern jet emission more clearly but does not reveal any additional emission on larger scales.
0506−612
This source has been classified as a low-confidence potential identification of the EGRET source 3EG J0512−6150 by Hartman et al. (1999) and as a plausible identification by Mattox et al. (2001) . Ojha et al. (2004a) find an unresolved source. Our image (Fig. 2 ) reveals a compact jet component at ∼2 mas north-west of the core and a fainter jet towards the west-north-west. Our tapered image in Fig. 9 reveals more extended jet emission turning to the west-south-west on scales ∼30-80 mas from the core, which was heavily resolved in the naturally-weighted image.
0518−458
Pictor A is one of the closest, powerful FR II type radio galaxies (Fanaroff & Riley, 1974) . Its strong doublelobed radio structure is oriented along the east-west direction . X-ray emission from the nucleus, the jet to the west of the nucleus, the western radio hot spot, and the eastern radio lobe was detected with Chandra (Wilson et al., 2001) . Tingay et al. (2000) found subluminal motions in the western jet. No parsec-scale counterjet has been detected so far. Our image shows emission from the western jet out to about 35 mas from the core, with at least three compact jet components in the inner 15 mas, which may be associated with the components C 2, C 3, and C 4 seen by Tingay et al. (2000) , in which case we would derive speeds of ∼0.15 mas yr −1 for all three components. No counterjet emission is seen in the image shown in Fig. 2 , but we note that limitations in the (u, v)-coverage do not allow us to put a strong upper limit on the brightness of a potential counterjet.
0521−365
This source shows one of the best examples of an optical synchrotron jet Boisson et al., 1989; Scarpa et al., 1999) . It possesses strong extended radio and X-ray emission in addition to a bright compact radio source and there are broad and variable nuclear optical emission lines (Ulrich, 1981; Scarpa et al., 1995) . The VLBI map of this source at 5 GHz by Shen et al. (1998b) shows a core jet northwestward consisting of a core and two additional components separated from the core by ∼3.4 mas and ∼8.3 mas. High-resolution VLBI images of this source have also been presented by Tingay et al. (1996a) and Tingay & Edwards (2002) but the TANAMI image shown in Fig. 2 shows the parsec-scale jet of this nearby active galaxy with unprecedented resolution and image fidelity.
0537−441
This source has a GPS spectrum peaking at 5 GHz (Tornikoski et al., 2001 ) and has been a strong variable EGRET gamma-ray source (Thompson et al., 1993b; Hartman et al., 1999) . It is known to be a strong source at all wavelengths (Pian et al., 2002) . It has been detected by the LAT in a flaring state weeks after the beginning of Fermi science operations (Tosti, 2008) , and it is one of the two brightest blazars in the southern γ-ray sky so far (Abdo et al., 2009b) . A VLA image by Cassaro et al. (1999) shows a curved jetlike structure leading to the west. VLBI images at 2.3 GHz and 8.4 GHz for several epochs are available in the United States Naval Observatory's Radio Reference Frame Image Database at (RRFID; http://www.usno.navy.mil/RRFID/). At both frequencies the RRFID images show a strong core with significant emission a few milliarcseconds to the northeast. This is the same morphology as seen in our TANAMI image. We find an unusually high brightness temperature exceeding 10 14 K of the core which is both very compact (although slightly resolved) and very bright.
0625−354
This source exhibits a FR I radio-galaxy morphology but its optical spectrum is more similar to a BL Lac object (Wills et al., 2004) . The optical counterpart is a giant elliptical in the center of the cluster Abell 3392 and exhibits a strong point source nucleus (Govoni et al., 2000) . The VLBA map of this source by Fomalont et al. (2000) shows a faint component to the southeast of the core, which is consistent with the direction of the larger-scale jet. A 2.3 GHz image obtained by Venturi et al. (2000) shows a diffuse outer jet component at ∼200 mas southeast of the core. Our tapered image (Fig. 9) shows jet emission on intermediate scales out to ∼95 mas from the core. Yaqoob et al. (1998) find a peculiar emission line in the X-ray spectrum of this radio-loud quasar with an energy of 1.60 ± 0.07 keV and equivalent width 59 +38 −34 eV in the quasar frame. This source was the first Chandra target, a 100 kpc Xray jet to the west coinciding with the optical and radio contours was discovered and at least 4 knots in the jet were resolved, which were separated from the core by a few arcseconds (Schwartz et al., 2000; Chartas et al., 2000) . The VLBI image by shows a component about 1.5 mas to the west of the core. Ojha et al. (2004a) find a component located 5 mas from the core. Edwards et al. (2006) observed superluminal motion of this jet in the parsec-scale. The TANAMI image confirms the structure seen in these earlier images, revealing a jet out to about 10 mas in the same direction and significant components beyond that. The tapered image (Fig. 9) shows that the jet emission extends beyond 50 mas from the core. Despite being a strong superluminal blazar this source was not detected by EGRET, and has not yet been detected by the LAT (Abdo et al., 2009b) .
0637−752

1104−445
The first southern VLBI Experiment observations (Preston et al., 1989) show a component located about 17 mas to the eastnortheast (position angle 75
• ) of the compact core of this source. Shen et al. (1997) find a jet to the north-east with curvature from the northeast to north at ∼1.8 mas. present a highly resolved map, revealing structure in the northeast and southwest. In the TANAMI image (Fig. 3) , there is one jet component ∼3 mas north-east of the core, which is spread over >8 mas in the north-south direction. This structure may represent a wide opening angle of the jet rather than curvature as suggested by Shen et al. (1997) .
1144−379
This source has been classified as a BL Lac object, due to optical, infrared and rapid radio variability, and its featureless powerlaw spectrum (Nicolson et al., 1979) but Veron-Cetty & Veron (2006) list it as a quasar. The VLBI map by Shen et al. (1997) showed an unresolved core. Several RRFID epochs also show an unresolved core at 8.4 GHz but a few show an extension to the southwest. The TANAMI image shows a clear jet in the same direction to about 16 mas along with significant emission at about 30 mas from the core better revealed in the tapered image (Fig. 10) . This bright, rapidly variable source was not detected by EGRET but has already been detected by the LAT (Abdo et al., 2009b) .
1257−326
This source is a flat-spectrum, radio-loud quasar, which shows extreme intra-day variability due to interstellar scintillation (Bignall et al., 2003 (Bignall et al., , 2006 . No VLBI image of this source has been published so far. The TANAMI image shows a well-collimated but possibly transversally resolved jet out to about 30 mas north-west of the core. Because of its relatively low signal-to-noise ratio, the core appears unresolved but the limit on its brightness temperature is relatively low, only 10 11 K.
1313−333
The spectrum of this quasar is extremely flat and the source, which is very variable at high radio frequencies, has been associated with the EGRET source 3EG J1313-431 (Nolan et al., 1996; Tornikoski et al., 2002) . VLBA images at 2.32 and 8.55 GHz by Fey et al. (1996) show jet components to the west, separated from the core by 4.7 mas at 2.32 GHz, and 0.9 and 4.5 mas at 8.55 GHz, respectively. Our image shows emission in the same direction and on the same scales but at higher resolution than published before.
1322−428
Centaurus A is the nearest AGN and is one of only two radio galaxies detected by Fermi in its first three months of observation (Abdo et al., 2009b) . This very well studied source was also detected in γ-rays by EGRET. The TANAMI image shows a long collimated jet extending to the northwest as well as a weak counterjet. The counterjet of Cen A was also seen in past VLBI images (e.g., Horiuchi et al., 2006) .
1323−526
This is a bright but relatively poorly studied optically unclassified object. It shows intra-day variability (McCulloch et al., 2005) . Bignall et al. (2008) suggest a tentative association of this flat-spectrum IDV radio source with the unidentified EGRET source 3EG J1316−5244. The TANAMI image shows a continuous jet extending about 8 mas to the south of the core.
1333−337 (IC 4296) A symmetric jet and counterjet system is visible in the kpc regime, which is orientated in the northwestsoutheast direction. The outer lobes of the jets are separated by about 30 arcmin (Goss et al., 1977; Killeen et al., 1986) . The central nuclear luminosity is relatively weak compared to "normal" radio-loud AGN (Pellegrini et al., 2003) . This galaxy was not detected by EGRET, nor has it been detected by the LAT in its first three months. The TANAMI image shows its parsecscale structure to have a jet and a counterjet aligned northwestsoutheast i.e. the same orientation as its kiloparsec structure.
1424−418
Previous VLBI images of this highly optically polarized quasar (Impey & Tapia, 1988) showed jet components in different directions. Preston et al. (1989) found a component to the northeast separated by 23 mas from the core, while the image by Shen et al. (1998b) showed a component about 3 mas to the northwest of the core. The VSOP image by shows a northeastward extension of the core and the one by Ojha et al. (2004a) reveals weak structure in the same direction. Our TANAMI image is in agreement with the results of Preston et al. (1989) ; ; Ojha et al. (2004a) but reveals substantially more detail than these previous images.
The jet extends out to about 40 mas east from the core and is very diffuse and resolved, best revealed in the tapered image in Fig. 10 .
1454−354
This flat-spectrum radio quasar is not very well studied. This source was included in our initial TANAMI sample as a possible counterpart for the EGRET source 3EG J1500−3509 (with 1501−343 being an alternative association; Mattox et al., 2001; Sowards-Emmerd et al., 2004) . This was the first γ-ray blazar to be detected in outburst by Fermi (Marelli, 2008 ). An analysis of the Fermi data from this outburst are presented in Abdo et al. (2009c) , to which we contributed the first deep high-resolution VLBI image of this source (naturally weighted and tapered images reproduced in Fig. 4 and Fig. 10 ). These images show a bright compact core with some diffuse emission extending northwest to about 40 mas. (2007) did not detect this source at 22 GHZ in six observations with a minimum flux density limit of 170 mJy. TANAMI presents the first VLBI image of this source, revealing a very compact structure with only a very weak possible extension to the south. Despite the relatively low core flux density, the brightness temperature exceeds 5 × 10 12 K.
1549−790
This luminous narrow-line radio galaxy has been suggested to be an object at an early stage of its evolution ) and seems to be accreting at close to the Eddington rate (Holt et al., 2006 ) possibly related to a recent merger. Previously, a one-sided core-jet type structure has been reported for this source (Holt et al., 2006) , which led to difficulties in understanding the absence of broad emission lines and a strong non-stellar optical continuum, as well as the presence of hi absorption ). The tapered TANAMI image shown in Fig. 10 shows a symmetric inner system with a jet and a pronounced counterjet extending out to about 30 mas east and west of the brightest feature, which we tentatively identify as the core. At larger distances towards the west, there is very large and diffuse emission region ranging from ∼50 mas to ∼120-150 mas from the core. There is an emission gap of about 10 mas between the inner and outer eastern structure and an offset in declination may indicate jet curvature. Compared with the images presented by Holt et al. (2006) , this image is much deeper. The brightness distribution of the eastern outer structure is similar but not the same as the one in Holt et al. (2006) . The difference could be due to the better surface-brightness sensitivity in our image or due to image-deconvolution uncertainties. The inner structure is shown in full resolution (natural weighting) in Fig. 4 . Immediately to the west of the brightest central component, which we identify as the core of the jet, there is a region of relatively low flux density. The first bright feature in the counterjet seems to be located ∼4 mas to the west and may be interpreted as the base of the counterjet. The central region between the two cores may then be attenuated in brightness because of free-free absorption in a central obscuring torus similar to the one in NGC 1052 (e.g., Kadler et al., 2004 , and references therein). This will be addressed in a future paper considering spectral information from combined 8.4 GHz and 22 GHz TANAMI data.
1610−771
Using data with 22 mas resolution Preston et al. (1989) modeled this source as a 3.8 Jy component 10 mas in extent with a 1.4 Jy halo approximately 50 mas in diameter. The VSOP image by revealed the small scale structure within ∼1 mas from the core to consist of 3 components at a position angle of −30 degree with no obvious identification of the core. Our image shows a curved jet towards the northeast, extending about 5 mas from the core and diffuse emission on larger scales to the north. The tapered image in Fig. 10 shows this diffuse jet to extend up to about 25 mas north of the core.
1714−336 This is a possible counterpart of 3EG J1718−3313 (Sowards-Emmerd et al., 2004) that
has not yet been detected by the LAT (Abdo et al., 2009b) . The TANAMI image of this BL Lac appears to be the first at VLBI resolution and shows a bright core with a jet extending over 20 mas to the northeast. Only Australian antennas participated in this observation so that the image resolution is worse than for most other TANAMI images presented in this paper. The core brightness temperature is unusually low. Tornikoski et al. (2002) suggested this unclassified source of undetermined redshift as a possible counterpart for 3EG J1720−7820 but within the first three months of Fermi allsky observations, it did not show up as a bright γ-ray source (Abdo et al., 2009b) . This is one of the faintest sources in the TANAMI sample with no previous VLBI image. Fig. 5 shows an unresolved compact core of relatively high brightness temperature T B > 7 × 10 10 . There is a faint jet extending about 4 mas to the northeast.
1716−771
1718−649
With a distance of 56 Mpc this is one of the closest and best studied GPS sources (e.g. Tingay et al., 2003a) . Its structure strengthens the assumption that GPS sources arise as a consequence of galaxy merger activity (Tingay et al., 1997) . Tingay & de Kool (2003) suggest synchrotron self-absorption or free-free absorption are the only possible processes responsible for the gigahertz-peaked spectrum. The maps by and Ojha et al. (2004a) show two components separated by about 7 mas. It was not possible to identify which one corresponds to the core. The map by Preston et al. (1989) also showed a double component aligned in the same direction (southeast to northwest). Our TANAMI image shows two bright components with similar alignment and separation but the northwestern component is clearly more "core-like" in appearance. There is also a bright extension to the northeast of the "core." We classify this source as morphologically irregular.
1733−565
This FR II radio galaxy has two extended lobes to the southwest and northeast of the core, which are separated by 4.57 arcmin (Hunstead et al., 1982) , in between there is bridge and core emission. Bryant & Hunstead (2002) found rotating emission-line gas extended perpendicular to the radio axis. The VLBI map by Ojha et al. (2004a) shows a compact core, without additional components. The TANAMI image shows a jet as well as a counter jet aligned northeast and southwest i.e. in the same direction as the large scale structure.
1759−396
This source is a possible counterpart of 3EG J1800−3955 and is a low confidence detection with the LAT (Abdo et al., 2009b ). The TANAMI image shows a fairly typical core jet source with the jet extending northwest to about 10 mas.
1804−502
This source is a candidate counterpart for 3EG J1806−5005 ) but it has not been a bright γ-ray source during the first three months of Fermi observations (Abdo et al., 2009b) . There is no high-resolution VLBI image of this source in the literature. The TANAMI image shows an unresolved high brightness-temperature core (T B > 8.9 × 10 12 K and a weak jet to the north-west.
1814−637
This is a compact steep spectrum (CSS) source with three components oriented along a south-southeast to north-northwest axis. Tzioumis et al. (2002) imaged this source at 2.3 GHz and found two strong components separated by more than 200 mas and a weak (15 σ) component in between. Ojha et al. (2004a) found an unresolved core and an additional component about 90 mas to the north-northwest at 8.4 GHz but the alignment between these two images and the identification of the core was not obvious. Our widefield tapered image in Fig. 10 solves this problem. In total, we detect three main components, of which the southernmost and the northernmost can be identified by the outer structures seen by Tzioumis et al. (2002) . Apparently, Ojha et al. (2004a) did not pick up the emission from the southern component. The central feature in our image represents the core of the source with a parsec-scale jet extending to the north, whose fine scale structure can best be seen in the naturally weighted image in Fig. 6 . The comparison with the 2.3 GHz image by Tzioumis et al. (2002) suggests that the core component may have an inverted spectrum and could be affected by free-free absorption, although clearly a simultaneous multifrequency observation is needed in order to address this quantitatively. Thus 1814−637 appears to have a CSO morphology. Given the identification with a galaxy it is likely that this is a relatively young radio source. This source was considered as a possible EGRET detection by Edwards (2005) .
1933−400
Based on VLA observations, Perley (1982) found that this source has a diffuse secondary component extending from the core to 3.5 arcsec at a position angle of 140
• . PKS 1933−400 is identified with 3EG J1935−4022 (Hartman et al., 1999; Edwards, 2005) but the source was not in the initial Fermi 3-month bright source list. Our image shows a very linear jet to the southeast, emanating from a bright core.
1954−388
This source has a high optical polarization, up to 11% (Impey & Tapia, 1988 ) and a GPS-type spectrum (Tornikoski et al., 2001; Edwards & Tingay, 2004) . VLBI observations showed a compact core (Preston et al., 1985; Shen et al., 1998b) . Based on VLBA observations, Fomalont et al. (2000) present a elongation of the core to the southsouthwest, whereas Ojha et al. (2004a) found a weak component about 3 mas to the west of the core. Our TANAMI image shows a westward directed jet, extending about 5 mas from the core.
2005−489
This is one of the brightest known BL Lac sources (Wall et al., 1986) and it is classified as a high-frequency peaked BL Lac (HBL) due to its X-ray-to-radio flux ratio (Sambruna et al., 1995) . It is a TeV source discovered by HESS, which has the softest VHE spectrum (Γ = 4.0) ever measured from a BL Lac (Aharonian et al., 2005a) . The source was detected with EGRET (Lin et al., 1999) and is one of the bright γ-ray sources detected by Fermi in its first three months of operations. The VLBI image by Shen et al. (1998b) shows a compact core. The image by Ojha et al. (2005) reveals an additional component about 3 mas to the southwest of the core. Both our images in Fig. 6 and Fig. 11 show a low surface brightness jet to the southwest of the core, which seems to have a very wide opening angle.
2027−308
There is only very limited information on this source in the literature. Grandi (1983) note that it is probably a member of the class of very-narrow-line emission galaxies. Sowards-Emmerd et al. (2004) listed this source as a likely counterpart of the EGRET source 3EG 2034−3110. Our TANAMI image shows an unresolved core with a jet-like extension to the southwest.
2052−474
This source was identified with the EGRET source 3EG J2055−4716 (Hartman et al., 1999) . Observations with Chandra did not reveal extended X-ray emission, but there is a two-sided arcsecond-scale radio jet in addition to the bright radio core (Marshall et al., 2005) . The VLBI image by Ojha et al. (2004a) shows a compact core. Our image shows a very weak jet to the west.
2106−413
The radio core of this quasar is moderately polarized (3.5%, Impey & Tapia, 1990) . ATCA observations indicate that the radio spectrum peaks near 5 GHz (Kollgaard et al., 1995) . The VLBA image by Fomalont et al. (2000) shows a slightly elongated core. Our image shows a bright component about 2-3 mas east of the core, which appears elongated in the northsouth direction and additional diffuse jet emission further to the east.
2149−306
This is a high-redshift, high-luminosity radio-loud quasar with a strongly blueshifted Fe Kα line at ∼17 keV in the quasar frame (Yaqoob et al., 1999; Wang et al., 2003) . The VLBI map at 8.4 GHz by Ojha et al. (2005) shows a component to the west of the core with a separation of 8.7 mas. This component is not seen in our TANAMI image, which rather shows jet emission within ∼5 mas east of the core.
2152−699
This FR II radio source has a classic double-lobed structure (Fosbury et al., 1990) , and is one of the brightest sources in the sky at 2.3 GHz (Wall, 1994) . Tadhunter et al. (1988) find that the radio axis and optical emission line features on the kiloparsec-scale are misaligned and suggest interaction between the radio jet and an extra-nuclear cloud of gas. The parsec-scale radio jet aligns strongly with optical emission line features (Tingay et al., 1996b) . The VSOP image by shows a resolved core and highly linear, narrow jet approximately 6 mas to the northeast. Ojha et al. (2004a) find a similar morphology consisting of the core and jet component to the northeast with separation of a few mas. Our image is in agreement with these previous images of this source, revealing well-collimated but knotty jet emission on intermediate scales out to about 30 mas from the core.
2155−304 This is one of the brightest extragalactic X-ray sources in the sky and was detected with most high-energy satellites including EGRET (Vestrand et al., 1995) . TeV γ-rays from this source were observed (Aharonian et al., 2005b ) and a TeV flare occured in July 2006 (Aharonian et al., 2007) . The VLBI map presented by Ojha et al. (2004a) shows a compact core without additional components. Piner et al. (2008) could measure an apparent speed of a single jet component of 0.93c±0.31c in a diffuse region ∼5 mas southeast of the core. Our TANAMI image does show the same structure on the same scales but at somewhat higher dynamic range. In addition, there is a ∼15 σ component at the same position angle as the inner jet at ∼ 15 mas from the core. The core itself has a relatively low brightness temperature of T B = 3.7 × 10 10 K.
2204−540
This bright quasar is a member of our radio-selected subsample and has a high polarization of 6.6±0.2% (Ricci et al., 2004) . There is only limited information on this source in the literature, which is surprising for such a bright object. It has not been seen by EGRET but it is among the brightest γ-ray sources seen by Fermi in its first three months of observations (Abdo et al., 2009b) . Our image shows a bright high brightnesstemperature core and a short and possibly curved jet in the inner ∼4 mas south and southwest of the core. Scott et al. (2004) find a compact, unresolved core structure smaller than 0.1 mas 2 of 410 mJy and a brightness temperature above 3 × 10 11 K at 5 GHz. Tingay et al. (2003b) find a substantially higher mean flux-density at 5 GHz of 1.63 Jy with ATCA and a moderate variability index of 0.05, suggesting that a substantial fraction of the 5 GHz total brightness is emitted on larger scales unresolved for the space-VLBI array. Our image shows jet-like emission peaking in two distinct components ∼6 mas to the east and ∼10 mas to the north-east of the compact core at 8.4 GHz.
2326−477
2355−534
This is a optically violent and highly polarized source (Impey & Tapia, 1988 . Shen et al. (1998b) present a VLBI image revealing a component to the southwest of the core with a separation of 4.9 mas. Our image shows at least two distinct jet components along the same position angle, an inner one at ∼3.5 mas, which may consist of two subcomponents, and an outer one at ∼ 12 mas. No γ-ray detection of this object has been reported so far.
Discussion
6.1. Redshifts Figure 13 shows the redshift-distribution of all the TANAMI sources. For galaxies and BL Lac objects the distribution peaks at z < 0.4 while for quasars it peaks at ∼ 1.5, with a maximum redshift of 3. This is similar to the distribution observed for the LAT Bright AGN Sample (LBAS; Abdo et al., 2009b) and for the EGRET blazars (Mukherjee et al., 1997) . The number of very low redshift AGN detected with the Fermi LAT is expected to increase as fainter sources become visible and more nearby radio galaxies are detected. The distributions of the radioselected and γ-ray selected sub-samples are shown separately in Fig. 14 and Fig. 15 , respectively. There is no significant difference in the redshift distribution of these two sub-samples which is consistent with the strong link between bright AGN and γ-ray emission. Figure 16 again shows the overall redshift distribution of all TANAMI sources but this time with the LAT detections and non-detections indicated, based on the 3-month LAT brightsource list (Abdo et al., 2009b) . A comparison of Fig. 15 and Fig. 16 shows that the redshift distribution of EGRET detected AGN is similar to that of LAT detected AGN. Figure 16 shows broadly similar redshift distributions for the LAT detected and non-detected AGN in the TANAMI sample with two interesting exceptions. First, most galaxies have not yet been detected by the LAT. Rather more curiously, none of the five most distant sources have been detected by the LAT. As the size of the TANAMI sample is increased, the interesting subsamples will become large enough to allow exhaustive statistical tests which can better quantify the above similarities and differences.
Luminosities
For all 38 TANAMI sources that have a published redshift, the core and the total luminosity was calculated assuming isotropic emission. The results are shown in the final two columns of Table 4 . For both LAT detected and non-detected sources, the values range from about 10 22 to almost 10 29 W Hz −1 with two thirds of both of these categories of sources having total luminosity above 10 27 W Hz −1 . There is a clear difference between the distribution of luminosity of different optical types with all eight galaxy luminosities below 10 26 W Hz −1 and all twenty-four quasar luminosities above 10 26 W Hz −1 (all but one above 10 27 W Hz −1 ). The five BLLacs in the sample are evenly distributed between 10 24 and 10 28 W Hz −1 . None of the five most luminous sources (which are also the five most distant sources, see 6.1) have been detected by the LAT. More intriguing, none of the nine most luminous jets (obtained by taking the difference of total and core luminosity) are detected which, taken at face value, would suggest an unexpected anticorrelation between jet luminosity and γ-ray brightness. More typically, the four most luminous BLLac sources have been detected by the LAT.
Morphology and Connection to Fermi
To discuss the morphology of TANAMI sources we have adopted the classification scheme used by Kellermann et al. (1998) which places objects into four categories. Sources that appear barely resolved are considered "compact" (C), those with the most compact component at either end of the image are considered "single-sided" (SS) and those with the most compact component in the middle of the image are considered "doublesided" (DS). Finally, there is a category of sources with "irregular" (Irr) structure which includes sources with morphology that does not fall into the first three categories. This scheme has the virtue of not making any assumptions about the physical nature of the objects under study, separating the description of the observations from their interpretation. For an excellent discussion of the possible physical conditions associated with these categories see Sect. 4 of Kellermann et al. (1998) .
Three TANAMI sources, 0332−403, 0405−385, and 1501−343, appear compact from our images. However, we only classify 1501−343 as "compact" since our images for the first two sources have a lower resolution due to the absence of trans-oceanic baselines and past images indicate the presence of some weak extended structure. Optically 1501−343 is an "unclassified" source. 1322−428, 1333−337, 1549−790, 1733−566 and 1814−637 are double-sided. All five are galaxies. Another galaxy, 1718−649 is the only "irregular" source in our sample. All of the remaining 36 sources (84% of the TANAMI sample) are single-sided (Table 6 ). These include all quasars, all BL Lacs, four of the ten galaxies and two of the three optically unidentified sources in the TANAMI sample. Characteristics of individual sources are discussed in Sect. 5. Since the γ-ray emission is likely to be beamed and orientation dependent, we would expect to find differences in the parsec scale morphology of γ-loud and γ-quiet objects. However, past comparisons of VLBI morphologies of EGRET detected sources with those not detected by EGRET failed to show any connection between observed γ-ray emission and parsec scale structure (Taylor et al., 2007) . This was attributed to the fact that nearly all EGRET sources were detected only when flaring and that most sources lay within a factor of 10 of EGRET's minimum detectable flux. The expectation is that essentially all bright compact radio sources will be γ-ray loud if observed with significantly better sensitivity than EGRET.
After three months of observations Fermi found 12 of our 43 TANAMI sources (28%) to be bright γ-ray sources with > 10σ significance. This includes, 11 of the 36 SS sources. However, only one (Centaurus A) of the 5 DS sources have been detected so far. In terms of optical identification, 11 of the Fermi detections are quasars and BL Lacs with Cen A the sole galaxy detected. This is consistent with the canonical picture that the "core-jet" nature of quasars and BL Lacs is the result of differential Doppler boosting of an intrinsically symmetric twin-jet. That such AGN are associated with γ-ray emission was a key finding of EGRET and is consistent with theoretical models. None of the three optically unidentified sources in our sample have been detected so far.
Interestingly, two of the four known intraday variable (IDV) sources in our sample (0405−385 and 1144−379) have been detected by Fermi. All four IDV sources have a 'SS' morphology. This is consistent with our current understanding of IDV sources as being among the most extreme members of the blazar class.
To compare the opening angles of Fermi-detected and nondetected blazar jets, we fitted circular Gaussian components to the visibility data and measured the angle at which the innermost jet component appears from the position of the core of the jet (Table 7) . In two cases (0332−403 and 0405−385) the lack of long baselines did not allow us to resolve the inner jet structure and to model-fit any jet components. In one case (0454−463), the jet was too weak and partially resolved, and in one case (1501−343), the source was unresolved even on the longest baselines. We excluded all galaxies from this analysis, first, because we cannot unambiguously determine the core position in a number of galaxy jet-counterjet systems and, second, because galaxies are usually not detected by Fermi. Our initial analysis suggests that 7 out of 9 (78%) LBAS sources have an opening angle > 30 degrees while only 4 out of 15 (27%) non-LBAS sources have an opening angle > 30 degrees. This would suggest that γ-ray bright jets have either smaller Lorentz factors (the width of the relativistic beaming cone is ∼1/Γ) or that they are pointed closer to the line of sight than γ-ray faint jets. An inverse correlation between γ-ray brightness and the beaming seems very unlikely and, in fact, previous studies have shown that the Lorentz factor of γ-ray brighter jets as seen with Fermi are higher than for γ-ray fainter jets (e.g., Lister et al., 2009b; Kovalev et al., 2009) . If confirmed by future analysis of larger samples, the result that γ-ray brighter jets have larger observed opening angles might thus imply that these appear geometrically increased in projection because of smaller angles to the line of sight.
Brightness Temperature
We identified the core component for each source based on its morphology and, in some cases, past VLBI images and identifications. In all cases, this approach led to the identification of the core as the brightest and most compact feature, either at the end of a one-sided jet or at the center of a double-sided twinjet. Gaussian models were fitted to the core visibility data using difmap. We did this by replacing the clean components from the core region in the final model with an elliptical Gaussian component. The brightness temperature of the fitted core component was then calculated in the rest frame of the source using the expression:
where S core is the flux density of the core and θ maj and θ min are the major and minor axis FWHMs, respectively, of the Gaussian component. k is the Boltzmann constant, z the redshift and λ the wavelength of observation (compare Kovalev et al., 2005) . In order to distinguish between cores that were resolved and those that were not we compared the fitted component sizes θ fit with the theoretical resolution limit of our array θ lim . We calculated θ lim taking into account the synthesized beamsize, θ beam (where θ beam is the geometric mean of the major and minor beam axes) and the signal-to-noise ratio (SNR) of the core component following Kovalev et al. (2005, Eq. 2) . Components with fitted sizes θ fit < θ lim are considered unresolved and we determine lower limits of their calculated brightness temperatures by using θ lim as an upper limit on their size. It should be noted that all other brightness temperatures are limits in a similar sense, because VLBI observations at a given frequency can never rule out the possibility that even smaller structures inside the cores are dominating the core emission. The core brightness temperatures for all sources are listed in Table 4 and their distribution is shown in Fig 17. The higher end of the distribution is dominated by quasars while the lowest brightness temperatures are those of BL Lacs and galaxies. We find 2 sources with fully unresolved cores (1501−343, and 2027−308) and 2 which are unresolved perpendicular to the jet axis and resolved along it (1313−333 and 1804−502) . Fourteen sources show a maximum brightness temperature below the equipartition value of 10 11 K (Readhead, 1994) with thirty sources having values below the inverse Compton limit of 10 12 K described by Kellermann & Pauliny-Toth (1969) . As many as thirteen sources exceed this limit, one of them substantially (0537−441). This is most likely a result of Doppler boosting that is commonly seen in blazars. However, contributions from exotic mechanisms such as coherent emission and relativistic proton emission and/or non-simple geometries cannot be ruled out (Kellermann et al., 2004) . The median value is near 2.1 × 10 11 K with the maximum value exceeding 10 14 K. This is comparable to the results of the MOJAVE sample (Kovalev et al., 2005) . Fig 18 shows the core brightness temperatures of LAT detections and non-detections, based on the 3-month LAT list. There does not appear to be any significant difference between LAT detections and non-detections. It is interesting to note that many sources with high brightness temperatures, and thus expected to have high Doppler factors, remain undetected by the LAT. Nine of the thirteen with values above 10 12 K remain undetected.
Conclusions
Our first epoch 8.4 GHz TANAMI images show that the Australian Long Baseline Array and associated telescopes provide high quality images of γ-ray blazars that can be used to study the physics of blazars. In many cases these images represent a substantial improvement on published work. The addition of telescopes in Antarctica and Chile is expected to compensate for the loss of the Hartebeesthoek telescope in South Africa and to improve the current (u, v)-coverage. The TANAMI sample has been defined as a hybrid radio and γ-ray selected sample of AGN south of δ = −30
• . Of this sample, 84% of sources show a one-sided morphology, 12% (all galaxies) are double sided, while one optically unidentified source is compact and one galaxy has a irregular morphology. Of these quasars and BL Lacs have similar morphologies, all being Ojha et al.: TANAMI First Epoch 8.4 single-sided. The ten galaxies in the sample include five double sided objects, one irregular object and four single sided objects.
About 28 % of TANAMI sources have been detected by the Fermi LAT after three months of observations. When galaxies are excluded, initial analysis shows that 78% of sources detected by the LAT have opening angles > 30 degrees compared to just 27% of non-LBAS sources. This suggests that γ-ray bright jets are pointed closer to the line of sight than γ-ray faint jets, with the observed opening angles appearing geometrically increased. This result should be regarded as preliminary owing to the modest number of sources available for analysis at this time.
The redshift distribution of the BL Lacs and quasars in the TANAMI sample is similar to the distributions seen for the LBAS and EGRET blazars. No difference is seen between the radio-and γ-ray selected subsamples. The redshift distributions of EGRET and LAT detected AGN are also similar. However, most galaxies and none of the five most distant and most luminous sources have been detected by the LAT. Galaxies have the lowest luminosities, BLLacs are more luminous (than galaxies) as a group while quasars dominate the high end of the luminosity distribution. None of the nine most luminous jets have been detected by the LAT so far.
The high end of the brightness temperature distribution is dominated by quasars with the lower end composed mostly of BL Lacs and galaxies. Thirteen sources have a maximum brightness temperature below the equipartition value, and 29 sources have a value below the inverse Compton limit putting about a third of the values above this limit. The median value is near 3 × 10 11 K with the maximum value exceeding 10 14 K. There does not appear to be any significant difference in the brightness temperature distributions of LAT detections and non-detections. Many of the sources with very high brightness temperatures have not yet been detected by the LAT.
The initial results presented here will be augmented by 22 GHz images as well as multi-epoch data in future papers to address our scientific questions including those that require spectral and kinematic information. Of particular, interest will be TANAMI epochs observed since the launch of Fermi satellite thus providing near-simultaneous data at radio, γ-ray as well as at intermediate wavelengths from coordinated observations with other instruments. As discussed in Sect. 1, TANAMI and Fermi data will also be used with neutrino data from ANTARES and KM3NET for the identification and study of neutrino point sources. Hartman et al. (1999) .
h Based on the LAT 3-month list. "*" denotes a low confidence detection. a Usually 3×RMS noise in image b "*" indicates that z = 0 was used as a limit.
c "**" indicates that the value has been calculated from theoretical SNR limits as described in section 6.4. These limits were checked using all possible combinations of major axis and axial ratio using the difwrap package (Lovell 1998) and were found to be consistent. 
